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ϩ T cells and IFN-␥ ϩ Mac-1 ϩ cells, in the pancreas. IP-10 neutralization ameliorated the pancreatic lesions of mice with MAIDS probably by blocking the cellular infiltration of CD4 ϩ T cells and IFN-␥ ϩ Mac-1 ϩ cells into the pancreas at least at 8 wk after infection, suggesting that IP-10 and these cells might play a key role in the development of chronic autoimmune pancreatitis. autoimmune pancreatitis; Sjögren's syndrome; murine acquired immodeficiency syndrome; chemokines; interferon-␥-inducible protein 10 CHEMOKINES, which are chemotactic cytokines, control the essential process of the attraction of leukocytes to the tissues in inflammation (1, 18) . The chemokine family comprises two major subfamilies, termed CXC and CC according to the arrangement of the first two conserved cysteines, which are separated by one amino acid and are adjacent, respectively (1, 18) . Interferon (IFN)-␥-inducible protein of 10 kDa (IP-10/ CXCL10) is a member of the CXC chemokine family and a potent chemoattractant for activated T lymphocytes, natural killer cells, and monocytes (6, 17) . It is also considered as a regulator of T helper (Th)1 inflammatory responses (26) . The expression of IP-10 was elevated in several diseases such as ulcerative colitis (34) , hepatitis (21) , multiple sclerosis (31) , and Sjögren's syndrome (SjS) (22) , suggesting the involvement of IP-10 in the development of these diseases. It has been recently reported that IP-10 is expressed by ␤-cells of the islets of Langerhans, resulting in the preferential accumulation of CXCR3 ϩ T cells into the pancreas in a virus-induced Type I diabetic mouse model (7) . Information about the role of chemokines in pancreatic diseases, however, is limited and needs further investigation (2, 28) . In the pathogenesis of chronic pancreatitis, especially with autoimmune etiology, the role of chemokines such as IP-10 has not been investigated thoroughly.
The LP-BM5 murine leukemia virus (MuLV) is a retrovirus that is known to induce profound immunodeficiency with splenomegaly and generalized lymphadenopathy in susceptible strains of mice, such as C57BL/6 (B6) mice, and occasionally brings about lymphoid malignancy (10, 14, 19) . In the early phase of infection, hypergammaglobulinemia and polyclonal B and T cell activation are induced and autoantibodies such as anti-nuclear and anti-double-stranded DNA antibodies are detected in mice infected with the virus (10, 14, 19) . In the late phase of infection, virus-infected B6 mice show symptoms similar to those of human acquired immunodeficiency syndrome (AIDS); therefore, they have been studied as a murine model of AIDS, termed as murine AIDS (MAIDS) (10, 14, 19) . We have reported previously that systemic exocrinopathy resembling SjS was induced in systemic exocrine glands such as salivary glands and lachrymal glands and in the pancreas of virus-infected mice; thus we proposed that mice with MAIDS could be an animal model for SjS as well as AIDS (32, 33) . In mice with MAIDS, the pancreatic lesions are the exocrine system-oriented inflammation characterized by cellular infil-tration around the interlobular pancreatic ducts and acinar cell destruction (32, 33, 35) , but with no damage of the endocrine system, that is, the islets of Langerhans (35) . The pancreasinfiltrating cells comprise both Th1-and Th2-type CD4 ϩ T cells, although with a predominance of Th2 cells over Th1 cells (35) . Thus the pancreatic lesions of the mice have some similarities to autoimmune-related chronic pancreatitis, especially the lesions associated with SjS.
To clarify the role of IP-10 in the development of chronic pancreatitis with autoimmune etiology, especially associated with SjS, we investigated the effect of CXCL10 neutralization on pancreatic lesions of mice with MAIDS. Our results suggest that anti-IP-10 monoclonal antibody ameliorated the pancreatic lesions of mice with MAIDS.
MATERIALS AND METHODS
Animals. Four-week-old female B6 mice were purchased from Charles River Japan (Kanagawa, Japan) and maintained at the Animal Center of the Niigata University School of Medicine under specific-pathogen-free conditions. All animal experiments were performed according to the "Guide for Animal Experiments" of Niigata University School of Medicine.
Induction of MAIDS. LP-BM5 MuLV was prepared from the supernatant of cloned G6 cells infected with the retrovirus as reported previously (35) . Four-week-old B6 female mice were injected intraperitoneally with 0.3 ml of LP-BM5 MuLV virus stock solution. At 8 wk after virus inoculation, mice with MAIDS were killed by cervical dislocation under ether anesthesia, and their pancreases were removed for further analysis. For blocking experiments, PBS containing 100 g/100 l anti-CXCL10 monoclonal antibodies (36) or anti-human parathyroid-related peptide monoclonal antibodies, which was the IgG 1 subclass-matched control monoclonal antibody, or PBS alone were administered intraperitoneally at the time of virus inoculation and once a week thereafter.
Monoclonal antibodies. For immunofluorescence (IF) and flow cytometric analyses, the following monoclonal antibodies were used: anti-CD4 (clone GK1.5, IgG2b), anti-CD8 (clone 53-6.7, IgG2a), anti-B220 (clone RA3-6B2, IgG2a), anti-Mac-1 (clone M-70.15, IgG2b), anti-mouse INF-␥ (clone XMG1.2), and anti-mouse IL-10 (clone JES5-16E3). For immunostaining of IP-10 or CXCR3, goat polyclonal antibodies to IP-10 or CXCR3 (Santa Cruz Biotechnology; Santa Cruz, CA) were used.
Detection of LP-BM5 MuLV by PCR. The PCR method used for the detection of the virus was as reported previously (33) .
Quantitative RT-PCR to detect cytokine mRNA. Total RNA was extracted from the mesenteric lymph node (mLN) and pancreas specimens with TRIzol (GIBCO-BRL) according to the standard protocol and reverse transcribed. Thereafter, cDNA was amplified using the ABI 7700 sequence detector system (Applied Biosystems; Foster City, CA) with a set of primers and probes corresponding to IFN-␥, IL-10, IP-10, CXCR3, and GAPDH as previously described (36) .
Histopathological examination. Tissue samples were taken from the pancreas, fixed in 10% buffered formalin, and then embedded in paraffin wax blocks. Sections (4-m thick) were made in the usual way and stained with hematoxylin and eosin. The stained sections were then examined by light microscopy.
The numbers of inflammatory cells in a high-power field (ϫ400) were counted under a microscope, and the degree of pancreatitis was assessed from 0 to 4 as reported previously (11, 24) .
IF staining procedure. Frozen sections of the pancreas were prepared in a cryostat and stained with several fluorescent dye-conjugated anti-mouse antibodies as described above. The sections were observed by fluorescence microscopy.
Double-IF staining procedure.
For the simultaneous demonstration of cell surface antigens and cytokines, the IF staining method was as reported previously (35) .
Statistical analysis. Data are expressed as means Ϯ SD. Statistical analyses were performed using the unpaired Student's t-test or the nonparametric Mann-Whitney test. Differences were considered significant at P Ͻ 0.05.
RESULTS
IP-10 neutralization did not prevent infection by the MAIDS virus.
All mice infected with LP-BM5 MuLV developed characteristic MAIDS symptoms such as generalized lymphadenopathy and hepatosplenomegaly (n ϭ 15), and neutralization of IP-10 did not change the course of MAIDS (n ϭ 15). Eight weeks after the virus inoculation, there were no differences in the weights of the liver, spleen, and mLNs between mice with MAIDS injected with anti-IP-10 monoclonal antibody and those injected with control antibody (Fig. 1A) . A defective LP-BM5 virus genome was detected in mice of both groups by PCR in the same frozen sections of the mLNs and pancreas of mice with MAIDS as those used for immunohistochemical staining (Fig. 1B) . P12 of the virus genome was not detected in untreated normal B6 mice (Fig. 1B) .
Effect of IP-10 neutralization on the expression of IP-10 and CXCR3 by lymphoid cells in mice with MAIDS.
In the mLN and pancreas of mice with MAIDS injected with control antibody, the expression levels of mRNA for IP-10 and its receptor CXCR3 were significantly increased compared with untreated B6 mice ( Fig. 2A) . Neutralization of IP-10 downregulated the expression of mRNA for IP-10 and CXCR3 in the mLNs and pancreas of mice with MAIDS (Fig. 2, A and B) . Next, we analyzed their expressions in the pancreas and mLN by IF. In normal mice, IP-10 and CXCR3 were detected neither in the mLN nor in the pancreas, with the exception of a few CXCR3 ϩ cells scattered in the mLN (data not shown). The numbers of cells that expressed IP-10 and CXCR3 increased in the mLN and pancreas of mice with MAIDS injected with control antibody (Fig. 3I , A and B, and II, A and B). Doublecolor IF revealed that in the mLN, some IP-10 ϩ cells were Mac-1 ϩ cells and CXCR3 ϩ cells were mainly CD4 ϩ T cells (Fig. 3I, C and D) . In the pancreas of mice with MAIDS, IP-10 and CXCR3 were mainly detected on some cells in an inflammatory cell focus around the pancreatic duct (Fig. 3II, A and  B) . Double-color IF showed that IP-10 ϩ cells were not positive for CD4, CD8, B220, and Mac-1 (Fig. 3II, C) . It also revealed that CXCR3 ϩ cells were mainly CD4 ϩ T cells (Fig. 3II, D) .
Interestingly, IP-10 was also detected on some cells localized between the basal laminas that envelope each acinus of a minimal functional unit of the exocrine system of the pancreas (Fig. 3II, A, Fig. 4A) .
To reveal the systemic effect of IP-10 neutralization on cytokine production, we analyzed the number of IFN-␥-and IL-10-positive cells in the mLN of mice with MAIDS at 8 wk after infection by IF. We chose IFN-␥ as a representative for a proinflammatory cytokine (or Th1 response) and IL-10 as a representative of an anti-inflammatory cytokine (or Th2). In mLNs of mice with MAIDS, there was no significant difference between the anti-IP-10 monoclonal antibody-treated group and the control antibody-treated group in IL-10-and IFN-␥-positive cells (Fig. 4B ). IP-10 neutralization did not change the number of these cytokine-positive cells in the mLN of mice with MAIDS (Fig. 4B) .
IP-10 neutralization ameliorated pancreatic lesions of mice with MAIDS. We have previously reported that periductal mononuclear cellular infiltration resembling autoimmune pancreatitis associated with SjS was detected in mice with MAIDS and the numbers of infiltrating cells and the grades of the lesions reached a peak at 8 wk after infection. To evaluate the effect of IP-10 neutralization, we, therefore, analyzed the pancreatic lesions of mice with MAIDS at 8 wk after infection. In mice with MAIDS injected with control antibody, inflammatory cells were detected around the pancreatic ducts, from where they progressively expanded, pressing the acinar architecture outward (Fig. 5A) . At the interface lesions between the infiltrating cells and pancreatic parenchyma, destructed acinar cells were detected, but the degree of acinar cell destruction by infiltrating cells was rather mild (Fig. 5C ). Peri-islet cellular infiltration was also observed (Fig. 5, A and C) . Anti-IP-10 monoclonal antibody treatment clearly ameliorated the pathological lesions of the pancreas of mice with MAIDS (Fig. 5, B  and D) ; the size of periductal cellular infiltration became smaller and the numbers of destructed acinar cells were also decreased (Fig. 5, B and D) . Both the numbers of pancreasinfiltrating cells and the histological grading scores of the pancreatitis were significantly reduced by IP-10 neutralization (Fig. 5, E and F (Fig. 6, A, C, E, and G) . The IF study showed that IP-10 neutralization significantly decreased the numbers of CD4 ϩ T, Mac-1 ϩ , and B220 ϩ cells in pancreatic lesions of mice with MAIDS (Fig. 6, B, D, F, and G) .
IP-10 neutralization decreased the migration of IFN-␥-and IL-10-producing CD4
ϩ T and Mac-1 ϩ cells in the pancreas of mice with MAIDS. To reveal the effect of IP-10 neutralization on the immune response in the pancreas of mice with MAIDS, we analyzed the cytokine expression of IFN-␥ and IL-10. The (A and B) . In the pancreas of mice with MAIDS, IP-10 and CXCR3 were mainly detected on some cells in a inflammatory cell focus around a pancreatic duct (A and B) . Interestingly, IP-10 was also detected on cells localized between basal laminas that envelope each acinus of a minimal functional unit of the exocrine system of the pancreas (A, inset). IP-10 ϩ cells (green) were not positive for Mac-1 ϩ cells (red), CD4, CD8, or B220 (C). Most of the CXCR3 ϩ cells (green) were positive for CD4 (red) (D). IP-10 was not detected, but CXCR3 was detected on a few cells in the mesenteric LN of an untreated B6 mouse (data not shown). IP-10-and CXCR3-positive cells were not detected in the pancreas of mice with MAIDS injected with anti-IP-10 mAb (E and F). IP-10 and CXCR3 were not detected in the pancreas of an untreated B6 mouse (A and B) . A, C, and E, sections stained with anti-IP-10 mAb; B, D, and F, sections stained with anti-CXCR3 Ab. levels of expression of the mRNAs of both cytokines in the pancreas were significantly increased after infection, and IP-10 neutralization decreased them (Fig. 7A) . IF showed that IP-10 neutralization significantly decreased the numbers of IFN-␥-and IL-10-positive cells in the pancreas of mice with MAIDS (Fig. 7B) .
Next, by the double-color IF method, we characterized the phenotypes of cells producing these cytokines. IFN-␥ and IL-10 were mainly present on CD4 ϩ T cells (Fig. 8 , A and C) and Mac-1 ϩ cells (Fig. 8, E and G) but not on B220 ϩ cells or CD8 ϩ T cells (data not shown). We did not detect the expression of IFN-␥ or IL-10 in the pancreas of normal B6 mice (data not shown).
The numbers of IFN-␥-and IL-10-positive CD4 ϩ T cells were significantly reduced in mice with MAIDS by IP-10 neutralization (Figs. 7C and 8, B and D) . Additionally, IP-10 neutralization significantly reduced the numbers of IFN-␥-positive Mac-1 ϩ cells in the pancreas of mice with MAIDS (Figs. 7D and 8F ). The numbers of IL-10-positive Mac-1 ϩ cells became smaller by IP-10 neutralization, but there was no statistical significance between the mice with or without treatment (Figs. 7D and 8, G and H) . DISCUSSION We have shown that systemic exocrinopathy including exocrine pancreatitis-like injury developed concordantly with the progression of MAIDS symptoms. Therefore, exocrine pancreatitis-like injury of mice with MAIDS might be a manifestation of several characteristic symptoms of MAIDS such as hepatomegaly, splenomegaly, systemic lymphadenopathy, and abnormal immunological reactions. In this study, we have shown that IP-10 neutralization ameliorated the pancreatic lesions of mice with MAIDS (Fig. 5) but prevented neither the infection nor the course of MAIDS (Fig. 1) . These results suggest a different mechanism for the pathogenesis of systemic exocrinopathy including exocrine pancreatitis-like injury of MAIDS and the other MAIDS symptoms.
In the Toxoplasma gondii infection model, IP-10 neutralization inhibited the accumulation of effector T cells, resulting in a decreased ability to kill the parasite in target organs such as the liver, spleen, brain, and lung (12) . IP-10 neutralization studies and a study on IP-10 Ϫ/Ϫ mice also showed that the blockade of effector cell trafficking resulted in the breakdown of host defenses in neurotropic mouse hepatitis virus infection in the brain (5, 16). In the liver of patients with chronic active hepatitis C, we (21) have reported that IP-10 mRNA was expressed mainly in hepatocytes around intralobular focal and periportal piecemeal necrosis. These examples suggest that if the organ of the specific lesions induced by a particular infection was the same as the target organ of the infectious agent, IP-10 neutralization could ameliorate the organ lesions by inhibiting the trafficking of effector cells that eliminate the infectious agents from the target organ. In MAIDS, we reported previously that the virus was integrated in Ly-1 B cells but not in T cells (9) or on parenchymal cells of the pancreas (unpublished observations), although several reports have shown that B cells (13) and macrophages (4) as well as T cells (15) can serve as targets for infection of the virus. Therefore, pancreatic tissues are not the direct target cells of LP-BM5 infection, and the IP-10 neutralization-induced amelioration of pancreatic lesions of MAIDS cannot be explained by the decreased accumulation of effector cells that eliminate LP-BM5 from the pancreas.
We and others have reported that systemic exocrinopathy including pancreatitis-like injury is the characteristic organ lesions of mice with MAIDS (10, 14, 19, 32, 33, 35) ; however, the target antigen in exocrine glands, which regulates the target organ specificity, has been unknown. Without knowing the target antigen, delineating the process of inflammatory cell infiltration provides a basis for understanding the development of the pancreatic lesions of MAIDS. The blocking activity of the anti-IP-10 monoclonal antibody used in this study was confirmed in the chemotactic assay and in some other murine models depicting acute colitis (27) and encephalomyelitis (20) . We confirmed that the anti-IP-10 monoclonal antibody had no cross-reactivity with other chemokines such as the monokine induced by IFN-␥, macrophage inflammatory protein-1␣, or mature dendritic cells (36) . In this study, therefore, we examined the expression of IP-10 and its receptor CXCR3 in the mLN and pancreas of mice with MAIDS. In the mLN and pancreas of MAIDS, IP-10 was mainly expressed on Mac-1 ϩ cells and CXCR3 was mainly detected on CD4 ϩ T cells. Anti-IP-10 treatment clearly reduced the number of these cells in both the mLN and pancreas. Our results suggest that cell trafficking into the pancreas of mice with MAIDS is carried out by the interaction between IP-10 and CXCR3 of CD4 ϩ cells. In the virus-induced Type I diabetes mouse model, it has been shown that ␤-cells of the islets of Langerhans produce chemokines including IP-10 with preferential attraction to T cells via CXCR3 (7) . In our colitis model and those of others, IP-10 expression was confirmed in the colon epithelial cells, and IP-10 neutralization was shown to ameliorate the colitis with decreased CXCR3 ϩ cells in the colon (27, 29) . In addition, Sugai et al. (22) reported that IP-10 is expressed on duct epithelial cells in salivary glands of patients with SjS. Contrary to these reports, we could not detect IP-10 expression on acinar cells or duct epithelial cells but found that IP-10 and CXCR3 were mainly expressed on cells in inflammatory foci around pancreatic ducts. Thus the lack of expression of IP-10 on target acinar cells and duct epithelial cells might be attributed to the mild pancreatitis-like injury of mice with MAIDS. Interestingly, IP-10 was also detected on cells localized between the basal laminas that envelope each acinus of a minimal functional unit of the exocrine system of the pancreas (Fig. 3II, A,  inset) . These cells disappeared together with the decreased numbers of pancreas-infiltrating cells after the neutralization of IP-10 (Fig. 3II, A and C) . Therefore, we need to identify the nature of the IP-10 ϩ cells localized between basal laminas around each acinus, which are supposed to play a pivotal role in the recruitment of CXCR3 ϩ inflammatory cells into the pancreas of mice with MAIDS.
Recently, a Th1 and Th2 imbalance has been considered as one of the important mechanisms in the development of some autoimmune diseases (25) . In our previous studies on the experimental models of encephalomyelitis (20) , hepatitis (36) , and Thy1.1 glomerulonephritis (8), we reported that anti-IP-10 monoclonal antibody treatment did not affect the cytokine environment of Th1/Th2 polarization. Considering these previous reports together with the observations of this study, it is conceivable that the IP-10 neutralization-induced amelioration of the pancreatic lesions of MAIDS did not result from the rectification of the cytokine environment of Th1/Th2 imbalance but rather from blockade of trafficking of inflammatory cells into the pancreas. In MAIDS, pancreas-infiltrating cells are mainly composed of CD4 ϩ T cells, B220 ϩ B cells, and Mac-1 ϩ macrophages (Fig. 6) . Neutralization of IP-10 clearly and selectively decreased the numbers of these cells in the pancreas but not in the mLN of mice with MAIDS (Figs. 3-8 inflammatory diseases, including multiple sclerosis (23, 30) and inflammatory bowel diseases (34) . In animal models of these diseases, IP-10 neutralization or gene disruption of IP-10 clearly showed that amelioration of the diseases was achieved mainly by blocking CXCR3 ϩ cell trafficking into the IP-10-expressing target organs (5, 27, 29, 36) . The ligands CXCL9, CXCL10, and CXCL11 bind to the CXCR3 receptor and share the ability to activate biochemical and functional events in target cells. All these ligands recruit CXCR3 ϩ cells; hence, neutralization of any of these ligands may not be sufficient to significantly abrogate the underlying biology of CXCR3 ϩ cells, but the use of CXCR3-deficient mice and IFN-␥ neutralization will elucidate the role of these cells and cytokines in our model in future study. In this study, neutralization of IP-10 decreased not only the numbers of IFN-␥ ϩ CD4 ϩ T cells but also IL-10 ϩ CD4 ϩ T and IFN-␥ ϩ Mac-1 ϩ cells (Figs. 7 and 8 ). In an autoimmune diabetic mouse model injected with isletspecific Th1 CD4 ϩ T cells, insulitis was induced by the first accumulation of CD4 ϩ T cells followed by infiltration of Mac-1 ϩ cells (3) . The inflammatory cells that infiltrated initially to the pancreas, therefore, might be the organ-specific autoreactive CXCR3
ϩ IFN-␥ ϩ CD4 ϩ T cells, and they then produce other cytokines and chemokines to attract the other IL-10 ϩ CD4 ϩ T cells and IFN-␥ ϩ Mac-1 ϩ cells into the pancreas of mice with MAIDS. In this study, we analyzed the effect of IP-10 neutralization only at one time point; however, the effects of the treatment on virus-induced inflammatory infiltrate and cytokine expression are most likely time dependent. Thus we need to analyze the kinetics of the responses in future study. IL-10 ϩ Mac-1 ϩ cells in the pancreatic lesions of mice with MAIDS were not significantly reduced by neutralization of IP-10 ( Fig. 8) , and the function of these cells in the formation of the lesions should be elucidated in future study. In conclusion, IP-10 neutralization could be a unique organspecific therapeutic strategy for chronic pancreatitis, especially autoimmune pancreatitis associated with SjS. 
